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providing a finishing control subsystem having at least three operative 
process sensors which include a plurality of operative friction sensors for 
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processor to evaluate the in situ process information and tracked information 
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applying an operative ?nishing motion in the operative ?nishing interface 
forming in the operative finishing interface a uniform region having the 
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Figre 5 Effective COF as a function of the 
fraction of the surface area free of 
organic boundary layer lubrication 
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Figure 6 Normalized ?nishing rate as a 
function of the fraction of surface area 

free of organic boundary layer lubrication 
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Figure 7 Relative abraded particle size on a 
non lubricated surface to the abraded particle 
size on an organic boundary layer lubricated 
surface vs fraction of the surface area free 

of organic boundary layer lubrication 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure 14 
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providing a tracked semiconductor having tracked information 

T providing an abrasive ?nishing element ?nishing surface 

l 
providing an organic lubricant to the operative ?nishing interface 
comprising the interface formed between the abrasive ?nishing element 
?nishing surface and the semiconductor wafer surface being ?nished 

l 
providing a ?nishing control subsystem having at least three operative 
process sensors which include a plurality of operative friction sensors for 
sensing in situ process information, access to the tracked information, and a 
processor to evaluate the in situ process information and tracked information 

l 
applying an operative ?nishing motion in the operative ?nishing interface 
forming in the operative ?nishing interface a uniform region having the 
organic lubrication and wherein the uniform region has a coef?cient of 
friction, and 

changing a plurality of control parameters in response to an evaluation of 
both the in situ process information and the tracked information and wherein 
changing the control parameters changes the coefficient of ?iction in the 
uniform region having organic lubrication during at least a portion of the 
?nishing cycle time 

Figure 15 
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providing a tracked semiconductor having tracked information 

I providing an abrasive ?nishing element ?nishing surface 1 

providing an organic lubricant to the operative ?nishing interface 
comprising the interface formed between the abrasive ?nishing element 
?nishing surface and the semiconductor wafer surface being finished 

l 
providing a ?nishing control subsystem having at least ?ve operative 
process sensors for sensing in situ process information, access to the tracked 
information, and a processor to evaluate the in situ process information and 
tracked information 

applying an operative ?nishing motion in the operative ?nishing interface 
forming in the operative fmishing interface a uniform region having the 
organic lubrication and wherein the uniform region has a coef?cient of 
friction 

I evaluating both the in situ process information and the tracked information 

Changing a plurality of control parameters at least 10 times to change the 
coef?cient of friction in at least he uniform region having the organic 
lubrication at least 4 times during the ?nishing cycle time 

Figure 16 
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ABRASIVE FINISHING WITH LUBRICANT 
AND TRACKING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a C-I-P of Regular patent application 
With Ser. No. 09/533,846 ?led Mar. 23, 2000 With title 
“Abrasive ?nishing With partial organic boundary layer”. 
Which also claims the bene?t of Provisional Application 

Ser. No. 60/126,157 ?led on Mar. 25, 1999 entitled “Fin 
ishing semiconductor Wafers With partial organic boundary 
lubrication”; and Provisional Application Ser. No. 60/128, 
281 ?led on Apr. 8, 1999 entitled “Semiconductor Wafer 
?nishing With partial organic boundary layer lubricant”. 

Provisional Applications and Regular Patent Applications 
Which this patent claims bene?t of are included herein by 
reference in their entirety. 

BACKGROUND OF INVENTION 

Chemical mechanical polishing (CMP) is generally 
knoWn in the art. For example US. Pat. No. 5,177,908 
issued to Tuttle in 1993 describes a ?nishing element for 
semiconductor Wafers, having a face shaped to provide a 
constant, or nearly constant, surface contact rate to a Work 
piece such as a semiconductor Wafer in order to effect 
improved planarity of the Workpiece. US. Pat. No. 5,234, 
867 issued to SchultZ et. al. in 1993 describes an apparatus 
for planariZing semiconductor Wafers Which in a preferred 
form includes a rotatable platen for polishing a surface of the 
semiconductor Wafer and a motor for rotating the platen 
Where a non-circular pad is mounted atop the platen to 
engage and polish the surface of the semiconductor Wafer. 
Fixed abrasive ?nishing elements are known for polishing 
semiconductor layers. An example is WO 98/18159 PCT 
application by Minnesota Mining and Manufacturing. 

Semiconductor Wafer fabrication generally requires the 
formation of layers of material having particularly small 
thickness. A typical conductor layer, such as a metal layer, 
is generally 2,000 to 6,000 angstroms thick and a typical 
insulating layer, for example an oxide layer, is generally 
3,000 to 5,000 angstroms thick. The actual thickness is at 
least partially dependent on the function of the layer along 
With the function and design of the semiconductor Wafer. A 
gate oxide layer can be less than 100 angstroms While a ?eld 
oxide is in the thousands of angstroms in thickness. In higher 
density and higher value semiconductor Wafers the layers 
can be beloW 500 angstroms in thickness. Generally during 
semiconductor fabrication, layers thicker than necessary are 
formed and then thinned doWn to the targeted tolerances 
With techniques needed such as Chemical Mechanical Pol 
ishing. Because of the strict tolerances, extreme care is given 
to attaining the targeted thinned doWn tolerances. As such, 
it is particularly preferred to accurately determine just When 
enough of the layer has been removed to reach the targeted 
tolerances, this is the end point for the thinning or polishing 
operation. One method to remove selected amounts of 
material is to remove the semiconductor Wafer periodically 
from polishing for measurements such as thickness layer 
measurements. Although this can be done it is time con 
suming and adds extra expense to the operation. Further the 
expensive Wafers can be damaged during transfer to or from 
the measurement process further decreasing process yields 
and increasing costs. 

BRIEF SUMMARY OF INVENTION 

An objective of polishing of semiconductor layers is to 
make the semiconductor layers as nearly perfect as possible. 
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2 
Fixed abrasive ?nishing pad ?nishing surfaces can suffer 
from being overly harsh on a Workpiece, causing unWanted 
scratching or other unWanted surface damage, thus reducing 
the perfection of the surface. Further, a ?xed abrasive 
?nishing pad ?nishing surface can suffer from having a 
higher than necessary coefficient of friction When ?nishing 
a Workpiece. This higher than necessary coef?cient of fric 
tion can lead to other unWanted surface damage. Further, 
?xed abrasive ?nishing pads can have abrasive particles 
unexpectedly break aWay from their surface during ?nishing 
and these broken aWay abrasive particles can scratch or 
damage the Workpiece surface. Still further, during ?nishing 
a particle can break aWay from the Workpiece surface 
forming a Workpiece abrasive particle Which can scratch or 
damage the Workpiece surface. These unWanted effects are 
particularly preferred and deleterious to yield When manu 
facturing electronic Wafers Which require extremely close 
tolerances in required planarity and feature siZes. 

It is an advantage of this invention to reduce the harshness 
of abrasive ?nishing pads such as ?xed abrasive ?nishing 
pads on the Workpiece surface being ?nished. It is an 
advantage of this invention to reduce unWanted scratching or 
other unWanted surface damage on the Workpiece surface 
during ?nishing. It is further an advantage of this invention 
to reduce the coef?cient of friction during ?nishing a Work 
piece to help reduce unWanted surface damage. It is an 
object of this invention to reduce unWanted damage to the 
Workpiece surface When during ?nishing With a abrasive 
?nishing element if an abrasive particle unexpectedly breaks 
aWay from their surface. It is an advantage of the invention 
to reduce unWanted damage to the Workpiece surface When 
an abrasive Workpiece particle breaks aWay Workpiece sur 
face during ?nishing. It is further an advantage of this 
invention to help improve yield for Workpieces having 
extremely close tolerances such as semiconductor Wafers. It 
is further an advantage of this invention to develop a method 
With improved optimiZation of ?nishing rates and boundary 
lubrication. 

Addition of lubricants to the interface betWeen the Work 
piece surface being ?nished and the ?nishing pad ?nishing 
surface can improve ?nishing but also changes the friction 
at this interface. In situ process control Where lubricants are 
added or changed during the ?nishing process can change 
?nishing performance. Friction can change due to real time 
changes to the Workpiece surface, the ?nishing element 
?nishing surface, lubricant changes, and changes to process 
control parameter set points. A method Which use a plurality 
of process sensors to gain information about ?nishing 
progress and uses this information for improved ?nishing 
control is preferred. Further, the preferred real time tangen 
tial force of friction and/or coef?cient of friction control can 
change due to the speci?c structure and/or topography to the 
Workpiece being ?nished. By tracking the Workpiece during 
manufacture, improved information for in real time (in situ) 
control of lubricant changes, tangential force of friction, 
and/or coef?cient of friction can be effected. A method to 
further improve control in situ process changes due to 
lubricant additions and/or changes is needed in the industry. 
A method to track a Workpiece during manufacture and to 
use tracking information during ?nishing is needed. A 
method Which can also help improve the cost of manufacture 
of the semiconductor Wafers during a ?nishing cycle time 
having real time friction changes Would be generally desir 
able. 
A preferred embodiment of this invention is directed to a 

method of ?nishing a semiconductor Wafer surface having a 
uniform region and a ?nishing cycle time comprising a step 
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1) of providing a tracked semiconductor having tracked 
information; a step 2) providing an abrasive ?nishing ele 
ment ?nishing surface; a step 3) of providing an organic 
lubricant to the operative ?nishing interface comprising the 
interface formed betWeen the abrasive ?nishing element 
?nishing surface and the semiconductor Wafer surface being 
?nished; a step 4) of providing a ?nishing control subsystem 
having at least three operative process sensors Which include 
a plurality of operative friction sensors for sensing in situ 
process information, access to the tracked information, and 
a processor to evaluate the in situ process information and 
tracked information; a step 5) of applying an operative 
?nishing motion in the operative ?nishing interface forming 
in the operative ?nishing interface a uniform region having 
the organic lubrication and Wherein the uniform region has 
a coef?cient of friction; and a step 6) of changing a plurality 
of control parameters in response to an evaluation of both 
the in situ process information and the tracked information 
and Wherein changing the control parameters changes the 
coef?cient of friction in the uniform region having organic 
lubrication during at least a portion of the ?nishing cycle 
time. 

Apreferred embodiment of this invention is directed to a 
method of ?nishing a semiconductor Wafer surface having a 
uniform region and a ?nishing cycle time comprising a step 
1) of providing a tracked semiconductor having tracked 
information; a step 2) of providing an abrasive ?nishing 
element ?nishing surface; a step 3) of providing an organic 
lubricant to the operative ?nishing interface comprising the 
interface formed betWeen the abrasive ?nishing element 
?nishing surface and the semiconductor Wafer surface being 
?nished; a step 4) of providing a ?nishing control subsystem 
having at least three operative process sensors for sensing in 
situ process information, access to the tracked information, 
and a processor to evaluate the in situ process information 
and tracked information; a step 5) of applying an operative 
?nishing motion in the operative ?nishing interface forming 
in the operative ?nishing interface a ?rst uniform region 
having a ?rst organic lubrication and a second uniform 
region having a second organic lubrication and Wherein the 
?rst and the second uniform regions have different coef? 
cients of friction; and a step 6) of changing a plurality of 
control parameters in response to an evaluation of both the 
in situ process information and the tracked information, 
Wherein changing the control parameters changes the coef 
?cient of friction in at least one uniform region during at 
least a portion of the ?nishing cycle time. 

Apreferred embodiment of this invention is directed to a 
method of ?nishing a semiconductor Wafer surface having a 
uniform region and a ?nishing cycle time comprising a step 
1) of providing a tracked semiconductor having tracked 
information; a step 2) of providing an abrasive ?nishing 
element ?nishing surface; a step 3) of providing an organic 
lubricant to the operative ?nishing interface comprising the 
interface formed betWeen the abrasive ?nishing element 
?nishing surface and the semiconductor Wafer surface being 
?nished; a step 4) of providing a ?nishing control subsystem 
having at least three operative process sensors including at 
least tWo operative friction sensors for sensing in situ 
process information, access to the tracked information; and 
a processor to evaluate the in situ process information and 
tracked information; step 5) of applying an operative ?n 
ishing motion in the operative ?nishing interface forming in 
the operative ?nishing interface a ?rst uniform region hav 
ing a ?rst organic lubrication and a second uniform region 
having a second organic lubrication and Wherein the ?rst and 
the second uniform regions have different coef?cients of 
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friction; a step 6) of evaluating both the in situ process 
information and the tracked information including compar 
ing the in situ process information obtained from the plu 
rality of operative friction sensors; and a step 7) of changing 
a plurality of control parameters at least 4 times to change 
the coef?cient of friction in at least one the uniform regions 
at least 4 times during the ?nishing cycle time. 
A preferred embodiment of this invention is directed to a 

method of ?nishing a semiconductor Wafer surface having a 
uniform region and a ?nishing cycle time comprising a step 
1) of providing a tracked semiconductor having tracked 
information; a step 2) of providing an abrasive ?nishing 
element ?nishing surface; a step 3) of providing a reactive 
lubricant to the operative ?nishing interface comprising the 
interface formed betWeen the abrasive ?nishing element 
?nishing surface and the semiconductor Wafer surface being 
?nished; a step 4) of providing a ?nishing control subsystem 
having at least three operative process sensors for sensing in 
situ process information, access to the tracked information, 
and a processor to evaluate the in situ process information 
and tracked information; a step 5) of applying an operative 
?nishing motion in the operative ?nishing interface forming 
a uniform region having reactive lubrication having a coef 
?cient of friction; a step 6) of evaluating both the in situ 
process information and the tracked information; and a step 
7) of changing a plurality of control parameters at least 10 
times to change the coef?cient of friction in at least one 
uniform region having reactive lubrication at least 4 times 
during the ?nishing cycle time. 
A preferred embodiment of this invention is directed to a 

method of ?nishing a semiconductor Wafer surface having a 
uniform region and a ?nishing cycle time comprising a step 
1) of providing a tracked semiconductor having tracked 
information; a step 2) of providing an abrasive ?nishing 
element ?nishing surface; a step 3) of providing a ?nishing 
aid to the operative ?nishing interface comprising the inter 
face formed betWeen the abrasive ?nishing element ?nishing 
surface and the semiconductor Wafer surface being ?nished; 
a step 4) of providing a ?nishing control subsystem having 
at least three operative process sensors for sensing in situ 
process information, access to the tracked information, and 
a processor to evaluate the in situ process information and 
tracked information; a step 5) of applying an operative 
?nishing motion in the operative ?nishing interface forming 
a uniform region having the ?nishing aid With a coef?cient 
of friction; a step 6) of evaluating both the in situ process 
information and the tracked information; and a step 7) of 
changing With the ?nishing control subsystem a plurality of 
control parameters to change ?nishing at least 4 times during 
at least a portion of the ?nishing cycle time. 
A preferred embodiment of this invention is directed to a 

method of ?nishing a semiconductor Wafer surface having a 
uniform region and a ?nishing cycle time comprising a step 
1) of providing a tracked semiconductor having tracked 
information; a step 2) of providing an abrasive ?nishing 
element ?nishing surface; a step 3) of providing an organic 
lubricant to the operative ?nishing interface comprising the 
interface formed betWeen the abrasive ?nishing element 
?nishing surface and the semiconductor Wafer surface being 
?nished; a step 4) of providing a ?nishing control subsystem 
having at least ?ve operative process sensors for sensing in 
situ process information, access to the tracked information, 
and a processor to evaluate the in situ process information 
and tracked information; a step 5) of applying an operative 
?nishing motion in the operative ?nishing interface forming 
in the operative ?nishing interface a uniform region having 
the organic lubrication and Wherein the uniform region has 












































































